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© Apparatus for monitoring the conductivity of a semiconductor wafer during polishing. 



© An apparatus for monitoring the conductivity of a 
semiconductor wafer (2) during the course of a 
polishing process is disclosed. A polishing pad (22) 
that contacts the wafer has an active electrode (26) 
and at least one passive electrode (28), both of 
which are embedded in the polishing pad. A detect- 
ing device (34, 36, 38, 40, 41) is connected to the 
active and passive electrodes for monitoring the 
current between the electrodes as the wafer is 
lapped by the polishing pad. The etch endpoint of 

fslthe wafer is determined as a function of the mag- 

^nitude of the current flow. 
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, H UC twitv Of A Semi-conductor Wafer During Polishing 
Apparatus For Monitoring The ConductW.ty Of 
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(CVD) of oxide. In order to interconnect metal lines 
of different interconnection levels, holes are formed 
in the insulating layers to provide electrical access 
therebetween. 

In such wiring processes, it is desirable that 
the insulating layers have a smooth surface topog- 
raphy, because rough surfaces cause fabrication 
problems. More specifically, it is difficult to image 
and pattern layers applied to rough surfaces, and 
this difficulty increases as the number of layers 
increases. 

A recent development in the art is the use of 
lapping machines and other chemical/mechanical 
planarization processes to provide smooth insulator 
topologies for the next metal level. In these pro- 
cesses, it is important to remove a sufficient 
amount of materia! to provide a smooth surface, 
without removing an excessive amount of under- 
laying materials. Thus, a precise etch endpoint 
detection technique is needed. 

Traditionally, lasers and other optical detection 
devices have been employed to determine etch 
endpoint. However, the design of such optical de- 
vices is difficult to implement in lapping machines, 
because the wafers are polished face down against 
a spinning wheel in such machines. More particu- 
larly, the wafer is hidden under a wafer holder and 
template,- thereby making optical endpoint detec- 
tion difficult 

The usual method employed for determining 
endpoint in lapping machines is to measure the 
amount of time needed to planarize the first wafer, 
and then to run the remaining wafers at similar 
times. In practice, because it is extremely difficult 
to precisely control the rate of film removal for 
different wafers, this method is extremely time con- 
suming since operators must inspect each wafer 
after polish. 

Thus, there remains a continuing need in the 
semiconductor fabrication art for an apparatus 
which accurately and efficiently detects the end- 
point of a lapping planarization process. 

The invention as claimed provides such an 
apparatus. 

The apparatus comprises: a plurality of isolated 
electrode means coupled to the tapping machine, 
at least one of said plurality of isolated electrode 
means contacting a surface of the semiconductor 
wafer; and means for monitoring current flow be- 
tween said plurality of isolated electrode means, 
said current indicating the amount of conductive 
material at the exposed surface of the substrate. 

The invention is described in detail below with 
refer-ence to the drawings in which: 

FIG. 1 is a simplified cross-sectional diagram 
of a lapping machine according to an embodiment 
of the invention. 



FIG. 2 is a schematic circuit diagram of the 
embodiment of FIG. 1. 

FIG. 3 is a perspective view of a lapping 
machine having a three electrode triangular ar- 
s rangement according to a second embodiment of 
the invention. 

FIG. 4 is a circuit diagram of a comparator 
circuit according to the embodiment of FIG. 3. 

FIG. 5 is a logic diagram showing the opera- 
w tion of the integrator circuit of FIG. 4. 

FIG. 1 shows an apparatus for chem/mech 
polishing a semiconductor wafer 2 having metal 
lines, contacWia studs, and/or pads 4 according to 

rs a first embodiment of the invention. The apparatus 
includes a wafer carrier or holder 6 having a tem- 
plate 8 fixed to one side 6A thereof. The semicon- 
ductor wafer 2, which is to be processed in accor- 
dance with the invention, is shown positioned be- 

20 tween the wafer carrier 6 and a polishing table 10. 
The wafer carrier 6 is coupled, at its other side 6B ( 
to a driving arm 12. The arm 12 is coupled to any 
suitable motor or driving means (not shown) for 
moving the wafer carrier 6 in the directions in- 

25 dicated by arrows 14A, 14B, and 14C (rotation). 
The template 8 includes an edge portion 16 which 
prevents the wafer 2 from sliding out from under 
the wafer carrier 6 as the carrier moves. Attached 
to the template is an insert 18, which is preferably 

30 made from a soft material so that the wafer surface 
2A is not damaged from the weight of the carrier 6. 
The polishing table 10 includes a platen 20 and a 
polishing pad 22 having holes 23 formed therein. 
Active and passive electrodes 26 and 28, respec- 

35 tively, are formed in the perforated polishing pad 
22 by filling in some holes such as 23A and 23B of 
the pad 22 with a conductive epoxy material or the 
like. The platen 20 includes two insulated contacts 
30, each having an upper conductive portion 31 

40 and a lower conductive portion 32. The upper con- 
ductive portion 31 is positioned to contact the 
epoxy material, and the lower conductive portion 
32 is positioned to contact conducting wires 34. 
In FIG 2, the active and passive electrodes 26 

45 and 28, respectively, are each shown connected to 
a power supply 36 and to a storage oscilloscope or 
other suitable electronics 38 through a slip ring 
assembly 40. The active electrode 26 is connected 
to the positive terminal of the power supply 36 

so through the slip ring assembly 40 and through a 
resistor 41. The passive electrode 28 is connected 
to the negative terminal of the power supply 36 
through the slip ring assembly 40. The power sup- 
ply 36 is designed to generate a bias voltage of 

55 .4V, and resistor 41 has a resistance, for example, 
of 450KQ to limit the current (20 uamps) supplied 
to the active electrode 26. 

The operation of the embodiment of FIG. 2 will 
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trades 28 or 42 when using slightly conductive 
slurry solutions 24 (FIG. 1). 

Comparator 72 produces an output pulse when 
both the output of comparator 68 produces a 
"LOW" signal, and comparator 66 produces a 
"HIGH" signal, as shown in the logic diagram of 
FIG. 5. As a result, the infrared transmitter 48 will 
generate infrared beam only when comparator 68 
produces a "LOW" signal and comparator 66 pro- 
duces a "HIGH" signal, (i.e. as shown in FIG. 5 
between times T1 and T2). The generated infrared 
beam will then be sensed by an infrared receiver 
50 and displayed by the oscilloscope 38 and the 
chart recorder 54 as indicated in FIG. 3. 

While the Invention has been described with 
reference to detecting etch endpoint of an insulat- 
ing layer, it can also be applied to detecting etch 
endpoint of a conductive layer. In this application, 
the conducting path is broken at etch endpoint. 

As described above, the endpoint detection 
system of the invention provides an indication of 
endpoint by monitoring the presence or absence of 
current between the active and passive electrodes. 
However, the invention can also be used to monitor 
the resistivity of a conductive layer during the 
polishing process. For example, this thinning of a 
conductive layer may be necessary to reduce the 
thickness of a CVD-deposited metal film. The CVD- 
metal may have been deliberately deposited thick 
to completely fill contact or via studs. The process 
would be used to reduce the metal thickness to its 
desired value by measuring sheet resistance dur- 
ing the polishing process. 

Many structural modifications can be made to 
the endpoint detection system of the invention. 
While embodiments featuring two or three elec- 
trodes were disclosed, additional electrodes could 
be provided to enhance the accuracy of the sys- 
tem. The electrodes cciuld be provided to portions 
of the lapping machine other than the polish pad. 
For example, one of the electrodes could be pro- 
vided on the wafer support that contacts the back- 
side of the wafer, such that during the lapping 
process a circuit is formed from the electrode on 
the polish pad, through the substrate, and to the 
electrode on the backside of the wafer. Moreover, if 
the slurry was conductive (ionic) the slurry be- 
comes the front side (i.e. ( the polish pad) electrode, 
and the slurry could be held at a predetermined 
voltage by a biasing means coupled to the slurry. 
Finally, the electrodes could be made from con- 
ductive materials such as silver paint, copper 
braids, or graphite, or aluminum foil. 



Claims 

1. An apparatus for monitoring the conductivity 
of an exposed surface of a semiconductor wafer (2) 

5 during polishing in a lapping machine, comprising: 
a plurality of isolated electrode means (26, 28) 
coupled to the lapping machine, at least one of 
said plurality of isolated electrode means contact- 
ing a surface of the semiconductor wafer; and 

10 means (26, 28, 34, 36, 38, 40, 41) for monitoring 
current flow between said plurality of isolated elec- 
trode means, said current indicating the amount of 
conductive material at the exposed surface of the 
substrate. 

T5 2. The apparatus according to Claim 1 , wherein 
the lapping machine comprises a polishing table 
(10), a polishing pad (22) coupled to said polishing 
table, and a spinning wafer carrier (6) suspended 
above said polishing table for bringing the semi- 

20 conductor wafer into contact with said polishing 
pad. 

3. The apparatus according to Claim 2, wherein 
said plurality of isolated electrode means are em- 
bedded in said polishing pad. 
26 4. The apparatus according to Claim 3, wherein 
said plurality of isolated electrode means are pro- 
vided by perforations (23A, 23B) in said polishing 
pad that are filled with conductive material. 

5. The apparatus according to Claim 3, wherein 
30 said plurality of isolated electrode means comprise 

a conductive material selected from the group con- 
sisting of conductive epoxy, silver, graphite, cop- 
per, and aluminum. 

6. The apparatus according to Claim 2, wherein 
as said plurality of isolated electrode means comprise 

first, second, and third electrodes (26, 28, 42) em- 
bedded in said polishing pad. 

7. The apparatus according to Claim 6, wherein 
said means for monitoring current flow comprises: 

40 a first' comparator (66) coupled to said second 
electrode (28), said first comparator producing a 
first signal that indicates the presence of current 
flow between said first and second electrodes; 
a second comparator (68) coupled to said third 

45 electrode (42), said second comparator producing 
a second signal that indicates the presence of 
current flow between said first and third electrodes, 
and; 

a third comparator (72) coupled to said first and 
so second comparators for detecting the simultaneous 
presence of said first and second signals. 

8. The apparatus according to Claim 7, wherein 
said electrodes are arranged in a triangular manner 
in said polishing pad. 

55 
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